As part of the activities of the Commission on Neutron Diffraction an intercomparison has been made of the performance of neutron powder diffraction instruments. This has been done by flux measurements on irradiated gold foils and by comparing diagrams obtained on standard A1203 powder samples. Data on 21 instruments in 17 countries have been included.
Introduction
In contrast to X-ray equipment, neutron diffraction instruments are mostly individually built. Since they are also placed at reactors of widely different design and use different means of beam extraction, their performance can be expected to vary considerably. As part of the activities of the Neutron Diffraction Commission it was found of interest to make an intercomparison of a group of such instruments. The powder diffraction instruments were considered a sufficiently uniform group for such an investigation. With instruments of this type one tries to obtain diagrams with high intensity, good resolution and a large peak to background ratio. It is clear that a really good resolution can only be obtained by sacrificing intensity, so a compromise has to be made. On the other hand both intensity and resolution can be improved by increasing the wavelength. This will limit the number of available reflections, and again a choice will have to be made. Which conditions to choose will in the end depend on the type of problems to be solved.
It is the intention of this survey to show what it has been possible to obtain at different type of reactors under different experimental conditions. The data should make it possible for everyone to decide whether in their case optimum conditions have been achieved, and perhaps provide a clue as to what can be done in order to improve the situation.
Data collection
Two different types of data were collected. First the participants were asked to irradiate three gold foils placed in the center of the monochromatic beam at three points along the path. One should be placed in the exact sample location, the two others in front and behind this. The gold foils had a diameter of 6.8 mm and a thickness of 0.15 mm and weighed about 60 mg. They were cut from the same piece of gold at the AAEC Research Establishment, Lucas Heights, Australia. This was to avoid any relative errors due to unknown impurities in the gold. Each foil was individually weighed before being sent out to a participating laboratory. Because of the short half life of gold (2.7 days) the irradiated foils were returned as quickly as possible after irradiation to the nearest one of three counting laboratories. These were: The National Bureau of Standards, Washington DC, USA, Australian Atomic Energy Commission, Lucas Heights, NSW, Australia and Institutt for Atomenergi, Kjeller, * Prepared on behalf of the Commission on Neutron Diffraction, International Union of Crystallography.
Norway. The counting equipment of these laboratories had been standardized by the exchange of irradiated foils. A correction had to be made for the self-shielding of the 7rays. This was determined by dissolving a foil in acid and amounted to 8%.
From the corrected number of disintegrations per second, D, the flux was calculated with the formula
Here M is the atomic weight of gold, No Avogadro's number, m the weight of the foil, 2 the disintegration constant (1-7828 x 10 -4 min-1), o" the cross section of gold at the neutron wavelength, T the irradiation time and t the elapsed time after irradiation. Secondly, the participants were asked to record a neutron diffraction powder pattern of a standard A1203 sample. These were sintered cylindrical pellets 13.5 mm in diameter and 16 mm long weighing approximately 9 g. They were made from Linde A grade AIzO3 powder isostatically pressed at 30.9 × 10 v Pa and sintered for six hours at 1450°C. No preferred orientation could be detected.
Invitation to participate was sent out to 39 laboratories of which 31 declared themselves willing to take part. Each one received one standard AI/O3 powder sample and three gold foils for each instrument to be included. Together with the samples there were detailed instructions on how to proceed with the measurements, and a table to be filled in. Each laboratory was asked for particulars about the reactor, the collimators, the monochromator, the counter and the distances between the different parts. It was also asked for information about the beam quality and particular features like the use of filters. A second part of the table contained information about the foil irradiation, time and duration of the irradiation and the placing of the foils.
Complete sets of data was obtained from 21 laboratories. These are tabulated in Tables 1 and 2 and displayed in Figs. 1 to 4. Because of the large variations in the characteristics of the instruments a direct comparison is hard to make. However, several interesting deductions can be made. It should be kept in mind that these data were collected over a time span of three years from 1971 to 1974, that many vital changes in the reactors and instruments took place both during that period and after, and that the conditions may not be characteristic of the respective laboratories today. The main value of the data is to show what it has been possible to obtain under particular conditions at the various type of reactors. 
Discussion of the tables
In Table 1 are given details about the reactors, the monochromators, the collimators and the resolutions obtained. The instruments are listed in the order of decreasing wavelength. Three instruments use a very long wavelength (2.364-2.570 A,) and a graphite filter to cut out the high-order contamination. Two of these instruments also use a graphite monochromator crystal. The monochromator crystals most commonly used are, however, copper and germanium. The Oak Ridge instrument is a polarized neutron diffractometer using a Co(Fe) monochromator crystal. It is therefore not directly comparable with the others. In the column 'Position' is indicated whether the crystal is used in reflection (R) or transmission (T). S~ and $3 are the opening angles of, respectively, the first (before the monochromator crystal) and the third (before the counter) collimator. The opening angle is given as the full width of a slit divided by its length. In the Riso instrument, which is a triple-axis spectrometer used in a doubleaxis mode, there is no collimator in front of the monochromator crystal, and the opening angle, $2, of the second collimator between the monochromator crystal and the sample is given. The instrument at the Grenoble High Flux Reactor is placed at a guide tube, which reduces the available intensity. Here it is the opening angle of the tube which is given.
As a measure of the resolution we use the quantity Ad/d calculated from Ad/d = 1A 1/2 cot 0B
( 2) where A1/2 is the full width at half maximum of a peak. This quantity varies with angle and is a minimum in the vicinity of 0 = 0B. The values given in the table are averages over the angular range where Ad/d is the lowest.
In Table 2 the peak intensity of the 113 reflection and the background are taken from the powder diffraction diagrams corrected for counter efficiency and sample weight. The peak-to-background ratio is highest for the long-wavelength instruments, mainly because of the increase in coherent scattering with wavelength relative to the incoherent background. From the number of disintegrations per second measured on foils 1, 2 and 3 the corresponding fluxes have been calculated with equation (11. These are given in the next columns of Table 2 . The flux at foil 2 is the flux at the sample position. The ratio between this flux and the central thermal flux is shown in the next column. The decrease in the flux from foil 1 to foil 3 is a measure of the divergergence of the beam. The irregularities which occur are most likely due to the difficulties connected with the placing of the foils centrally in the beam. However, in the case of the instrument at Brookhaven National Laboratory where a curved graphite monochromator crystal was used, the observed larger flux at foil 2 relative to the flux at foils 1 and 3 was expected. Last in the table are given the distances between the different parts of the instrument. There are great differences, in particular, in the distance between the core and the first collimator.
Discussion of the figures
In Fig. 1 is plotted the flux at the sample position, q)s, versus central thermal flux. If the reactors were similarly constructed, and the efficiency of the beam extraction system the same, one should expect proportionality between these quantities. The plot shows to what extent the instruments are able to utilize the central thermal flux. There is for instance a large difference in this respect between the Brookhaven High Flux Beam Reactor which has been built specifically for beam experiments and the BR2 reactor in Mol which is a materials testing reactor. However, of even greater importance may be the intensity loss connected with an increase in the resolution. Thus the instrument in Petten has a very high resolution, whereas the instrument in Karlsruhe included in this comparison had a rather low resolution. Fig. 2 gives the resolution of the instruments plotted as a function of Sx cot 0M. $1 is the opening angle of the first collimator and 0M the take-off angle at the monochromator. Small values of S~ as well as of cot 0M are expected to give good resolution. This is also the general trend of the data plotted in Fig. 2 . The instrument at the High Flux Beam Reactor in Grenoble (channel D1A), which has by far the best resolution, uses a very high take-off angle (20M= 122"). Also given in this figure is the type of monochromator crystal being used.
If now, instead of the flux measured with foils, we plot the peak intensity of the 113 reflection as a function of the central flux, we get a different picture (Fig. 3) . Owing to the increase in reflectivity with increasing wavelength the instruments using a long wavelength improve their situation. Thus the Petten instrument using a wavelength of 2.57 A has one of the highest 113 peak intensities. This shows that the increase in reflectivity is able to compensate both for the decrease in flux due to the deviation from the maximum of the Maxwellian flux distribution and for the loss in the neutron filter. Since this instrument also has one of the best resolutions the situation would look less favourable if integrated intensities were compared. In the last figure, Fig. 4 , we give the data in the most concentrated form which we have been able to find. Here is plotted the ratio of the integrated intensity of the 113 reflection to the central flux versus the resolution. This ratio tells us to what extent the neutrons present in the reactor core are being utilized to produce diffraction peaks, and this is seen in relation to the resolution obtained. The ratio is of course critically dependent on the value quoted for the central flux. The high ratio obtained for the instrument at the DIORIT reactor in Wfirenlingen may be partly ascribed to the monochromator crystal which is a vertically bent pyrolytic graphite crystal. Instruments using a long wavelength are also favoured in this intercomparison.
Another purpose of this survey was to check the conclusions of Sabine & Weinstock (1969) . They had shown that, in a system with only a cylindrical inpile collimator, the flux at the specimen distance z from the monochromator was given by aRma~l 2 q~(z) = 16-0~z~/)2
where ~,, is the angular divergence of the collimator, o" is the source emissivity, R,, is the reflectivity of the monochromator, l is the length of the inpile collimator, d is the distance from the monochromator to the specimen. The relation implies that, while the flux at the collimator exit (z = d = 0) is dependent only on the angular divergence, the rate of fall-off in flux is very dependent on the actual length of the collimator. While most collimator geometries were fairly complicated this prediction was broadly obeyed and the flux at the specimen was much higher when longer collimators were used.
Summary
It is not the intention of the authors to discuss in detail the results which have been obtained, rather it is left to the reader to extract the information he is seeking. The value of this investigation is mainly to show what it has been possible to obtain at different reactors under particular experimental conditions. This will make it possible for everyone to decide whether in their particular case optimum conditions have been achieved, or whether they should spend more time trying to improve the situation. It seems, however, appropriate to sum up by stressing some of the more important points which were brought out in the discussion of the tables and figures. It appears that a long wavelength offers advantages with respect to intensity, to resolution, and to peak-to-background ratio. These advantages have been previously pointed out by Loopstra (1966) . A long wavelength will strongly limit the number of reflections which can be observed. This is a serious disadvantage in complicated structure work, but is of less importance for magnetic problems, where the form factor decreases rapidly with scattering angle.
To obtain a corresponding increase in resolution by narrowing the collimation or decreasing the mosaic spread of the monochromator crystal a considerable sacrifice in intensity has to be made. With the profile refinement method now in current use, there seems to be less demand for a high resolution. Of considerable importance is, however, the extension of good resolution out to higher angles. This can be achieved by the use of a high take-off angle at the monochromator.
Since we have been mainly interested in the intensity and resolution which is available in the twice-reflected beam of a conventional double-axis diffractometer, we have not included specialized techniques on the counter side like multiple counters and position-sensitive detectors. By these techniques it is possible to increase the efficiency and rate of data taking. Thus the instrument at the High Flux Beam Reactor in Grenoble, which has an extremely good resolution out to high angles, relies on this technique to make up for the reduced intensity (Hewat, 1975) .
It has been the intention of the authors to avoid making this investigation a competition between the different laboratories. We would therefore like to stress again that the data were collected over a time span of three years (1971) (1972) (1973) (1974) , and that they cannot be considered as representative of the situation as it is today. Even during the collection of data significant changes were made both in reactors and in-struments. This was in fact one of the reasons why it took so long to collect the data and to get complete sets.
